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Within-person associations of young
adolescents’ physical activity across five
primary locations: is there evidence of
cross-location compensation?
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Lawrence D. Frank6, Jasper Schipperijn7, Terry L. Conway5, Karen Glanz8, Jim E. Chapman9, Kelli L. Cain5 and
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Abstract
Background: Youth are active in multiple locations, but it is unknown whether more physical activity in one location
is associated with less in other locations. This cross-sectional study examines whether on days with more physical
activity in a given location, relative to their typical activity in that location, youth had less activity in other locations
(i.e., within-person associations/compensation).
Methods: Participants were 528 adolescents, ages 12 to 16 (M = 14.12, SD = 1.44, 50% boys, 70% White non-Hispanic).
Accelerometer and Global Positioning System devices were used to measure the proportion of time spent in
moderate-to-vigorous physical activity (MVPA) in five locations: home, home neighborhood, school, school
neighborhood, and other locations. Mixed-effects regression was used to examine within-person associations of
MVPA across locations and moderators of these associations.
Results: Two of ten within-participant associations tested indicated small amounts of compensation, and one
association indicated generalization across locations. Higher at-school MVPA (relative to the participant’s average)
was related to less at-home MVPA and other-location MVPA (Bs = −0.06 min/day). Higher home-neighborhood
MVPA (relative to the participant’s average) was related to more at-home MVPA (B = 0.07 min/day). Some models
showed that compensation was more likely (or generalization less likely) in boys and non-whites or Hispanic
youth.
Conclusions: Consistent evidence of compensation across locations was not observed. A small amount of
compensation was observed for school physical activity, suggesting that adolescents partially compensated for
high amounts of school activity by being less active in other locations. Conversely, home-neighborhood physical
activity appeared to carry over into the home, indicating a generalization effect. Overall these findings suggest
that increasing physical activity in one location is unlikely to result in meaningful decreases in other locations.
Supporting physical activity across multiple locations is critical to increasing overall physical activity in youth.
Keywords: Built environment, Global Positioning Systems (GPS), Neighborhood, School
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Background
Despite the numerous benefits of physical activity in
youth, current estimates indicate that most adoles-
cents are not engaging in adequate amounts of phys-
ical activity. Data from 105 countries indicated that
only 19% of adolescents worldwide achieved the rec-
ommended 60 min of physical activity per day based
on self-report [1, 2], and there is evidence that this
trend continues into adulthood [3]. Therefore, more
research is needed to better understand patterns of
physical activity in youth to inform efforts to promote
physical activity.
Youth have the potential to be active in multiple
locations, including within schools, homes, neighbor-
hoods, and recreation areas such as parks, community
centers, and sports facilities [4–9]. Because strategies
for supporting physical activity differ by location,
many public health intervention recommendations are
location-specific (e.g., school-based physical activity,
home-based screen time, neighborhood walking) [10–13].
Given the goal of increasing overall physical activity, it is
important to understand whether increased physical activity
in one location is related to decreased physical activity in
other locations.
The compensation hypothesis [14] posits that youth
maintain a presumed activity set-point by compensat-
ing for higher than usual activity at one time-point by
engaging in lower than usual activity at a later time-
point (i.e., compensation). Although several studies in
youth did not find compensation to occur [15–17],
there is some evidence suggesting that partial com-
pensation occurs within and across days [18, 19].
There has been little to no examination of whether
compensation occurs across locations, but this ques-
tion is useful to investigate because it has implica-
tions for settings-based interventions. Such evidence
would inform intervention strategies and priorities
and help gauge the potential impact of setting-based
interventions on overall physical activity. For example,
if youth receive more physical activity at school but
reduce their activity in other locations, coordinated
multi-setting strategies may be needed to prevent
such compensation from occurring.
The present study investigated how youth’s physical
activity in one location was associated with physical
activity in other locations. Specifically, the study examined
whether an individual youth engaged in more or less
activity in other locations when he/she was more
active in a given location relative to his/her typical
activity in that location (i.e., within-person associa-
tions). Moderators of compensation were also investi-
gated to determine whether associations differed by
participant characteristics (e.g., gender, age, neighbor-
hood factors).
Methods
Participants and procedures
Data were from the Teen Environment and Neighbor-
hood (TEAN) study of built environments and physical
activity conducted in two US regions (Baltimore, MD/
Washington, DC and Seattle/King County, WA) during
2009–2011. TEAN participants were 928 healthy adoles-
cents ages 12–16 years, and one of their parents,
selected from 447 census block groups representing high
or low walkability and high or low income [20]. Data
collection occurred during the school year and was bal-
anced by season across the block group types. Overall
participation rate (i.e., returned surveys divided by
eligible contacts) was 36% and did not vary by neighbor-
hood walkability or income. Comparisons of partici-
pants’ household demographics with census data
indicated the study sample had higher education and
household income compared to residents of the 447 cen-
sus block groups in which participants lived. Regarding
race/ethnicity, the study sample was comparable to cen-
sus data for adolescent participants, with 34% being
non-White or Hispanic versus 37% of adolescents in the
census block groups from which participants were re-
cruited. This study was approved by the sponsoring
institution’s human subjects’ protection committee, par-
ents provided informed consent, and adolescents pro-
vided assent.
Participants were asked to wear an accelerometer and
Global Positioning System (GPS) tracker during all wak-
ing hours for 7 days, except during water activities.
Present analyses included a subsample of 528 TEAN
participants. Participants who were not given a GPS
device (N = 130) and those who did not wear the pro-
vided accelerometer and GPS tracker together for ≥1
valid school day and ≥1 valid non-school day (N = 148)
were excluded. Participants who attended homeschool,
did not provide their school address, or had geocoding
errors were excluded (N = 122). Participant demographic
characteristics and MVPA did not differ significantly
between the present subsample and the full sample.
Measures
Demographic characteristics
Adolescents’ age, gender, and race/ethnicity (white non-
Hispanic vs. non-white or Hispanic) were self-reported,
and parents reported the highest level of education (col-
lege degree or higher vs. other) attained by any adult in
the household.
Accelerometer-measured MVPA
Adolescents wore an Actigraph accelerometer on a belt
at their left iliac crest during waking hours, with acceler-
ation recorded at 30-s epochs. Multiple Actigraph
models were used (7164, 85.2%; 71256, 5.1%; GT1M,
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7.2%; GT3X, 2.5%), however, model type was not associ-
ated with MVPA in this study. MVPA was scored using
the Evenson cut point for youth applied to the vertical
axis acceleration counts [21], which has been shown to
have excellent classification accuracy [22]. Groups of
>60 sequential 30-s epochs (i.e., 30 min) with count = 0
were considered non-wear [23], and non-wear time was
excluded from the data. Only days with ≥8 h of valid
wear time were included.
GPS-derived variables
Participants wore a GlobalSat DG-100 GPS tracker, with
latitude and longitude collected every 30 s when a GPS
signal was attainable. Previous studies documented ac-
ceptable performance for tracking participants’ time and
location patterns in epidemiological studies [24]. The
Personal Activity and Location Measurement System
(PALMS) [25] was used to merge GPS and accelerom-
eter data and filter invalid GPS fixes caused by satellite
interference; the devices were time-synchronized during
initialization and linked in PALMS using their time
stamp. Only days with ≥8 h of GPS signal during accel-
erometer wear time were included.
Home and school addresses were geocoded and incor-
porated into ArcGIS (ESRI, Inc; Redlands, CA) to create
spatial buffers, and spatial analyses were performed in
PostgreSQL to identify each participant’s amount of time
and MVPA in 5 locations of interest. The locations were
defined as follows: (1) home (50-m radius circular buffer
around the point resulting from geocoding the home ad-
dress), (2) home neighborhood (1-km street-network buf-
fer around geocoded home address point, excluding the
at-home circular buffer), (3) school (15-m buffer around
geocoded school parcel), (4) school neighborhood (1-km
street-network buffer around geocoded school point,
excluding the at-school parcel buffer), and (5) all “other”
locations (i.e., any location not included in the aforemen-
tioned 4 locations). Participants whose GPS indicated they
never left their home over the monitoring period were
considered to have not worn the device and were ex-
cluded. Participants who had overlap in their home neigh-
borhood and school neighborhood buffers (20% of
sample) were omitted from the analysis comparing home-
neighborhood and school-neighborhoods MVPA. For all
other models, overlapping time and MVPA were split
evenly across the two overlapping buffers.
The resulting variables were computed at the day-level
and were minutes per day of time present and MVPA
occurring in each location. On a given day, if the partici-
pant spent 0 min in a location, MVPA for that location
was scored as 0 min, with the exception of never leaving
home during the monitoring period described above. Be-
cause school days and non-school days are distinct with
regards to daily activities and patterns, a variable was
derived to denote whether a day was a school or non-
school day, with school day defined as any weekday the
GPS showed the participant to be within the school par-
cel for ≥200 min.
Analyses
Descriptive statistics were used to present MVPA and
time across locations, separately for school days and non-
school days. Next, day-level regression analyses were
conducted using mixed effects regression to account
for the nested data structure. Within-person associa-
tions were investigated between (a) MVPA in each
location (independent variable) and overall MVPA
(dependent variable), and (b) MVPA in each possible
pair of locations. The five locations resulted in ten
cross-location comparisons (each location was com-
pared to the other four locations). Each participant’s
location-specific MVPA values for school and non-
school days were mean-centered on the participant’s
average MVPA (across days) for that location on the
given type of day (school or non-school) during the
assessment period. This statistical approach for
within-person associations is similar to creating differ-
ences scores (e.g., the participant’s MVPA in location
A on a given day minus the participant’s average
MVPA in location A across days), with the conceptual
research question being “do days with above average
MVPA in location A have below (i.e., compensation)
or above (i.e., what we refer to as generalization)
average MVPA in location B?” separately on school
versus non-school days. All analyses were adjusted for
participant mean-centered total time in each location.
Participant characteristics were not entered as covariates
because between-person main effects were eliminated in
mean-centering. The models tested within-person effects
and any moderation of these effects by participant charac-
teristics. Specifically, participant age, gender, race/ethni-
city, and BMI, highest level of parent education, and
neighborhood median income and high or low walkability
[20] were tested as moderators of the within-person asso-
ciations between MVPA in each pair of locations using
interaction terms. Initially, each model also included a
term to test the interaction between minutes of MVPA in
the location (i.e., the independent variable) and school day
(y/n) to explore differences across school days and non-
school days. No school day interactions had a p value < .1,
so the models reported combined school and non-school
days. Unstandardized coefficients (B) for MVPA variables
are presented and can be interpreted as the increase or de-
crease in the dependent variable (in minutes per day)
associated with a 1-min increase in the independent vari-
able. Interaction coefficients estimate the change in the
MVPA effect (slope) associated with a 1-unit increase in
the moderator.
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Results
Participants (N = 528) were from 317 block groups and
244 schools. Participants had a mean age of 14.12 (SD =
1.44), 50% were girls, 70% were White non-Hispanic,
46% lived in a high-walkability neighborhoods, 50% in
high-income neighborhoods, and 52% resided in the
Seattle/King County, WA region. Participants had a
mean of 42.2 (SD = 22.5) minutes per day of overall
MVPA across locations on school days, and 32.3 min
per day on non-school days. Participants wore the accel-
erometer and GPS devices together for a mean of 3.9
(SD = 1.5) valid school days and 3.3 (SD = 1.7) valid non-
school days, for a sample total of 3776 days. Location-
specific MVPA is presented in Table 1.
For each location, days when adolescents had more
MVPA in the location as compared to his/her average in
that location had more overall MVPA (i.e., a 1-min/day
increase in location-specific MVPA was related to a 0.88–
1.03 min/day increase in overall MVPA; Table 2). A
regression coefficient <1.0 indicated that some compen-
sation had occurred, whereas a regression coefficient
>1.0 indicated that generalization across locations had
occurred. The largest compensation effect was observed
for at-school MVPA (B = 0.88; i.e., 12% compensation).
The coefficients for home-neighborhood and school-
neighborhood MVPA indicated that each minute of home-
neighborhood MVPA was associated with 1.03 min/day
of overall MVPA, and each minute/day of school-
neighborhood MVPA was associated with 1.01 min/day
of overall MVPA (i.e., 1–3% generalization).
Two of the ten cross-location comparisons indicated
compensation, and one of the 10 indicated generalization
(Table 3). On days when adolescents had more at-school
MVPA relative to their average at-school MVPA, they had
less at-home MVPA and other-location MVPA (both Bs
= -0.06 min/day, i.e., each 6% compensation). On days
when adolescents had more home-neighborhood MVPA
relative to their average, they had more at-home MVPA
(B = 0.07 min/day; i.e., 7% generalization).
Findings regarding whether participant factors moder-
ated associations of MVPA between each pair of
locations are summarized in Table 3 and presented in
full detail in the Additional file 1: Table S1. Gender was
a significant moderator in three of the 10 models, with
girls showing generalization and boys no effect in two
models, and boys showing compensation and girls no ef-
fect in one model (see Fig. 1). Race/ethnicity was a sig-
nificant moderator in two models, with non-whites or
Hispanics compensating more than white non-Hispanics.
Neighborhood income, child age, and neighborhood
walkability each emerged as moderators in only one
of the 10 models.
Discussion
The present study found limited consistent evidence of
compensation or generalization of adolescent physical
activity across locations. Thus, amounts of physical ac-
tivity in multiple locations were mainly independent
from each other. Small compensation effects were ob-
served for physical activity between the school location
and at-home/other locations (12% total), whereas a small
generalization effect was observed between the home
neighborhood and at-home location (7%). Results indi-
cate the home neighborhood is a promising location for
interventions targeting physical activity in adolescents,
without concern of compensation. Programs targeting
school physical activity may not result in a 1:1 contribu-
tion to overall physical activity (i.e., each minute of
school physical activity may not equate to a full minute
Table 1 Young adolescents’ time and MVPA by location (N = 528 participants)
Mean (SD) minutes/day of MVPA occurring in location Mean (SD) proportion of overall wear timea spent in location
School days Non-school days School days Non-school days
At home 5.5 (6.7) 12.0 (14.2) 20.3% (15.5) 47.2% (34.8)
Home neighborhood 5.5 (9.3) 6.8 (11.6) 9.5% (12.6) 19.6% (28.2)
At school 23.2 (15.1) 0.6 (2.3) 57.7% (14.8) 1.2% (2.6)
School neighborhood 2.3 (4.3) 1.7 (5.0) 3.1% (5.1) 4.4% (12.8)
Other locations 5.6 (9.1) 10.9 (15.3) 9.3% (9.1) 27.3% (26.1)
All locations (Overall) 42.2 (22.5) 32.3 (21.8) 100% 100%
Note: Means and SDs were calculated across participants
aRefers only to the portion of the day the measurement devices were worn; Mean = 13.3, SD = 1.8 h per day
Table 2 Within-person associations (i.e., compensation) between
MVPA in each location and overall MVPA (N = 3776 days)
Associations with overall MVPA
B (SE) minutes/day p
At home MVPA 0.95 (0.03) <.001
Home neighborhood MVPA 1.03 (0.04) <.001
At school MVPA 0.88 (0.03) <.001
School neighborhood MVPA 1.01 (0.09) <.001
Other locations MVPA 0.90 (0.03) <.001
Note: All models were adjusted for participant age, gender, race/ethnicity, and
BMI, parent education, neighborhood income and walkability, time in location,
and average (across days of monitoring) time and MVPA in location
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of overall physical activity because of potential compen-
sation in other locations) but still provide meaningful
contributions.
There was no consistent evidence that compensation
across locations was moderated by participant age (al-
though the age range was narrow), participant BMI,
neighborhood walkability, neighborhood income, or
parent education. There was some evidence (3 of 10 in-
teractions tested) of moderation by gender, with boys
being more likely to compensate than girls in one of
the location comparisons and less likely to show
generalization in two of the location comparisons.
There was some evidence (2 of 10 interactions tested)
that adolescents who identified as white non-Hispanic
compensated less (or showed more generalization) than
their counterparts. Two of the three gender interac-
tions, and both of the race/ethnicity interactions in-
cluded at-home physical activity. It could be that home
physical activity is less structured and less social than
physical activity that occurs elsewhere, making it and
its propensity for being compensated for more likely to
be influenced by individual-level factors. Although
amount of physical activity in each location differed
across school and non-school days (presented in more
detail in a previous publication) [9], compensation
across locations did not differ between school and non-
school days. This suggests that whether a child attends
school or not on a given day does not appear to be rele-
vant to concerns about compensation. This was some-
what surprising given that time in school on school
days is considerable and could conceivably make com-
pensation across non-school locations more likely.
Most studies that have investigated compensation
have done so across time, especially days, rather than
across locations [15–19]. These studies have had mixed
results, but some have found evidence of compensation
[16, 18, 19, 26]. One study found that children partially
compensated within days (across time periods) and be-
tween days by engaging in fewer steps directly following
a day (or time period) with more than average steps
[19]. Comparability of previous findings on compensa-
tion is challenging because unlike the present study,
prior studies did not account for natural variations in time
use by adjusting for the total amount of time participants
spent in specific locations. Present findings provided lim-
ited evidence of compensation or generalization, with the
only evidence of compensation effects being specific to
the school location. Thus, these effects are unlikely to
have major impacts on youth’s overall physical activity.
This finding suggests that, although each minute of
school-based physical activity may not translate to a full
additional minute of overall physical activity, increasing
physical activity opportunities in school is an important
strategy for improving overall physical activity, which is
in agreement with previous studies and national recom-
mendations [12, 27, 28]. To address the potential for
compensation, parents should encourage and support
their child to be physically active outside of school on
all days, including days with Physical Education (PE) or
school sports.
Table 3 Within-person associations (i.e., compensation) among MVPA minutes/day across 5 primary locations (N = 3776 days)
Compensation effect Factors p < .05 associated
with more compensation or
less generalization (interaction B)a
B (95% CI) minutes/day p
Associations across locations
Home neighborhood→ At home 0.07 (0.04, 0.10) <.001 High income (-0.09)
Non-White or Hispanic (-0.10)
+1 year in age (-0.03)
Home neighborhood→ School neighborhoodb 0.00 (−0.01, 0.02) .806 [none]
Home neighborhood→Other locations 0.01 (−0.04, 0.06) .627 Boys (−0.14)
At school→ At home −0.06 (−0.09, −0.03) <.001 Boys (−0.07)
Non-White or Hispanic (-0.11)
At school→ Home neighborhood −0.02 (−0.05, 0.01) .170 [none]
At school→ School neighborhood 0.01 (−0.01, 0.02) .483 [none]
At school→Other locations −0.06 (−0.11, −0.02) .006 [none]
At home→ School neighborhood −0.02 (−0.04, 0.00) .106 [none]
Other locations→ School neighborhood 0.00 (−0.01, 0.01) .861 [none]
Other locations→ At home 0.00 (−0.04, 0.03) .762 Boys (−0.06)
Higher walkability (−0.10)
Note: The independent variable appears before the arrow and the dependent variable appears after the arrow. Daily MVPA in each location was participant mean
centered so that the effects would reflect within person differences. All models were adjusted for daily time in location which was also participant mean centered
aModerators tested were participant gender, age, race/ethnicity, and BMI percentile, neighborhood walkability and income, and parent education
bExcluded participants with overlap between their home and school neighborhood (20% of sample)
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Interestingly, generalization of physical activity across
locations occurred between the home neighborhood and
at-home location. This association could have been due
to activities that took place in and/or directly outside of
the home and carried over into the neighborhood (i.e.,
crossed over the home buffer into the neighborhood
buffer), such as playing outdoors and active travel. Given
that home-neighborhood physical activity showed a
generalization effect and that youth are more likely to be
physically active when in their neighborhood than when
at home, at school, and in other locations [9], supporting
neighborhood-based physical activity appears to be a
particularly promising strategy for increasing overall
physical activity in youth. Strategies that increase
neighborhood-based physical activity include outdoor
walking, neighborhood play and “Play Streets,” [29], and
active travel to school. Review papers have shown that
active travel to school does not lead to compensation in
physical activity [30, 31]. Consistent evidence is accumu-
lating on the importance of supporting active travel in
youth [32–35], and Safe Routes to School programs were
effective in several recent evaluations [36–39]. More
widespread implementation of Safe Routes to School
programs, as well as other evidence-based efforts, are
Fig. 1 Gender differences in within-person associations among MVPA minutes/day across locations
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needed to increase the currently low rates of neighbor-
hood physical activity and active travel in youth as
shown by the present study [40] and others [30, 40–42].
Effective strategies are likely multilevel and include
combinations of built environment, neighborhood
safety, and social/interpersonal strategies [43]. The
present finding that physical activity may generalize
across locations supports comprehensive systems ap-
proaches such as those that target multiple strategies in
multiple locations [44, 45].
The compensation effects that were found were specific
to school-based activity, which has been observed in pre-
vious studies [26], whereas the generalization effect was
specific to home-neighborhood physical activity. It is pos-
sible that compensation is more likely to occur when the
physical activity is organized, structured, or even man-
dated (e.g., physical education class) than when physical
activity is discretionary, because discretionary physical
activity may be less likely to be perceived as “exercise”. For
example, neighborhood activity is most likely to consist of
active play and/or active transportation, activities per-
formed for fun or out of necessity to accomplish another
objective (e.g., getting to school or other destinations) and
less likely to be viewed as “exercise”. School-based activity
could include sports, which are likely perceived as highly
active. Adolescents may engage in lower activity levels
outside of sports to retain energy for sports, or be inactive
after participating in sports because of fatigue. Parents or
children may think that if the child participated in sports
or PE then he/she does not need to be active at home.
These beliefs can be detrimental because, based on the
present and other findings, adolescents accrue less than
half of the recommended 60 min per day of physical activ-
ity at school.
Strengths, limitations, and research gaps
The present study utilized a large sample of adolescents
in two US regions, within-person analyses, and location-
specific estimates of objectively-assessed physical activity
derived from GPS and accelerometers, which were
methodological strengths. Going beyond main effects,
the present study used interaction tests, which revealed
no differences between school days and non-school days,
with gender as the only consistent moderator of com-
pensation effects across locations. These strengths en-
hance confidence in the novel contribution of examining
the possibility of cross-location compensation. For limi-
tations, the use of 30-s epochs with accelerometers
could have underestimated participants’ physical activity,
as some authors recommend shorter epochs [22, 46].
Another limitation was the potential for misclassification
from the GPS, such as when signals were unreliable in
some indoor environments, and the observational nature
of the study, which limited understanding of causality.
Since “other locations” were simply any location outside
of the home and school neighborhoods, future studies
could provide more specificity by documenting physical
activity in key types/categories of locations, such as
recreation locations. Sports facilities, parks, and commu-
nity centers are known to be important locations for
physical activity and should be investigated in future
studies [47]. Another limitation was that indoor physical
activity may have been underestimated because we omit-
ted time with missing GPS information (e.g., due to
signal loss) from the present analyses. Methods have
recently been validated for imputing missing geocoordi-
nate information and should be considered in future
studies [48].
Overall, limited evidence of compensation or
generalization across locations was found, but future
studies could investigate whether compensation differs
by activity type (e.g., sports vs. other school-based
activity), which was not feasible in the present study.
Future studies should also investigate whether youth
compensate for high amounts of physical activity in
one location by having more than typical sedentary
time in other locations, which is plausible and has
important health implications. The present study did
not investigate compensation by time (e.g., within or
across days), which has been observed in some studies
[18, 19], but findings have been inconsistent [15–17].
Conclusions
The primary finding was that adolescent physical activ-
ity in one location was mainly independent of activity
in other locations. Thus, promoting physical activity in
all locations could be expected to contribute to
increased activity levels. However, small amounts of
both compensation and generalization across locations
were observed. Compensation was observed between
school and at-home/other locations, and boys, and
non-whites or Hispanics tended to be more likely to
compensate or less likely to show generalization across
locations. The generalization effect was specific to
neighborhood-based physical activity. Overall, these
findings indicated that increasing physical activity in
one location is not likely to result in meaningful de-
creases in other locations. Supporting physical activity
across multiple locations is critical to increasing overall
physical activity in youth. Targeting neighborhood-
based activity should be a high priority, given its critical
role in overall levels of physical activity.
Additional file
Additional file 1: Table S1. Interactions of within-person associations
(i.e., compensation) among MVPA minutes/day across 5 primary locations
(N = 3776 days). (DOC 41 kb)
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